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ABSTRACT 
 
The application of Plant Growth Promoting rhizobacteria as a microbial bio-fertilizers to increase 
soil fertility and productivity, allows a rational use of chemical fertilizers which makes agriculture 
sustainable. The aim of this study was to evaluate the effects of the rhizobacteria Pseudomonas 
putida on the maize productivity in farmer environment. For this purpose, trials were conducted in 
two Agricultural Development Poles with nine (09) producers equitably distributed in Southern, 
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Central and Northern Benin. The experimental design was a completely randomized block of three 
(03) treatments (T1: farmer practice; T2: P. putida + ½ recommended dose of NPK and Urea; T3: 
recommended dose of NPK and Urea) with three (03) repetitions. During sowing, two (2) maize 
seeds of the 2000 SYNEE-W variety were introduced into a pot and inoculated with 10 ml of 
bacterial suspensions of 10

8
 CFU/ml concentration. The results showed that the best heights, stem 

diameters and leaf areas of maize plants were obtained with P. putida + ½ recommended dose of 
NPK and Urea with the nine (09) producers of the three (03) areas with respective increases of 
14.76%; 18.08% and 26.56% compared to the farmer practice. In addition, the results related to 
yield parameters such as aerial biomass, underground biomass and maize grain yield were better 
improved with the P. putida + ½ recommended dose of NPK and Urea. The average rates of 
increase recorded were 42.70%, 38.96% and 77.69%, respectively, compared to farmer practice. In 
sum, this rhizobacteria can be used as the microbial bio-fertilizers to improve maize productivity in 
Benin. 
 

 
Keywords: Pseudomonas putida; bio-fertilizer; soil fertility; maize (Zea mays L.); Benin. 
 
1. INTRODUCTION 
 
Maize (Zea mays L.) is the world's largest cereal 
crop [1]. It is a cereal of great food importance for 
many populations in West Africa, mainly in Benin 
where it constitutes the basis of the diet of the 
populations of the Southern and Central of the 
country [2]. Despite its importance for food 
security, its productivity varies alternately from 
one year to another in Benin. This is the result of 
several difficulties, including the decline in soil 
fertility and the high cost of mineral fertilizers [3]. 
Given the importance of maize, its production 
would be interesting and necessary to ensure 
food security and economic growth in Benin [4]. 
In order to increase yields, producers use large 
quantities of chemical inputs (pesticides and 
fertilizers). Indeed, the intensive use of mineral 
fertilizers leads to soil acidification leading to a 
decrease in soil fertility [5,6]. In addition to the 
proven adverse effects of these chemicals, they 
are currently considered as the main 
environmental pollutants that have led to the 
deterioration of soil biological properties and the 
accumulation of chemical residues in harvested 
agricultural products [7]. In view of all this, it is 
therefore necessary to develop an 
environmentally friendly fertilization system. The 
use of Plant Growth Promoting Rhizobacteria 
(PGPRs), particularly under adverse and 
stressful conditions, can confer many benefits to 
plants [8]. PGPRs are generally defined as 
microorganisms that can stimulate plant growth 
through several mechanisms. Direct mechanisms 
are associated with increased nutrient availability 
and include biological nitrogen fixation [9], 
phosphate solubilization [10], production of 
siderophors [11] and synthesis of plant growth 
hormones such as indole acetic acid (AIA), 
cytokinins or gibberellins [12,13,14]. Various 

indirect mechanisms such as induced systemic 
resistance, production of antimicrobial 
compounds and competition for nutrients and 
colonization sites by pathogens have been 
described [15]. The use of PGPRs has become a 
promising alternative to mitigate plant stress 
[16,17]. In order to increase maize productivity in 
Benin, several researchers have been working in 
greenhouses and research stations on PGPR 
isolated from the maize rhizosphere in Benin. 
Among these PGPR, P. putida is one of the best 
strains that have shown a significant 
improvement in maize productivity [18,19,20,21]. 
It is noted from work conducted in research 
stations that the innoculation of maize seeds with 
P. putida + ½ dose of NPK and Urea allows 
average maize yields equal to the yields obtained 
with the full dose of NPK and Urea [20,21]. In 
view of the best results obtained in controlled 
environments on the different soil types in Benin, 
it was necessary to evaluate the ability of P. 
putida to improve the productivity of maize in 
farmer environments in the Agricultural 
Development Poles (ADPs) of Benin. 
 
2. MATERIALS AND METHODS 
 

2.1 Study Area  
 
The study was carried out at Research and 
Development (R&D) sites located in two (02) 
Agricultural Development Poles (4 and 5) in 
Benin (Fig. 1). The tests were installed 
respectively at PDA 5 in the village of Zouzouvou 
in the district of Djakotomè in Southern Benin; at 
PDA 4 in Miniffi in the district of Dassa-Zoumè in 
Central Benin and at Ouénou in the district of 
N'Dali in Northern Benin. Ferralitic soils dominate 
in South Benin, while in Central and North Benin, 
ferruginous soils predominate. 
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Fig. 1. Map showing the different study areas 
 

2.2 Biological Material  
 

The Maize seed of the 2000 SYNEE-W variety 
supplied by the Center Agricultural Research 
South (CRA-Sud) of the National Institute of 
Agricultural Research of Benin (INRAB) was 
used. It is an extra-early variety with an 80-day 
and a potential yield of 2.5 tonnes per hectare in 
a farmer environment. It was developed by the 
International Institute of Tropical Agriculture 
(IITA) and the National Institute of Agricultural 
Research of Benin (INRAB) [22]. The 
rhizobacteria Pseudomonas putida that was used 
was the one isolated and identified from the 
maize rhizosphere of the different agro-
ecological zones of South Benin by [23] then 
preserved at -85°C in Mueller Hinton broth with 
added glycerol (10%) at the Laboratory of 
Biology and Molecular Typing in Microbiology 
(LBTMM) of the Faculty of Science and 
Technology (FAST) of the University of Abomey-
Calavi (UAC). 
 

2.3 Preparation of the Inoculum of           
P. putida  

 
The P. putida strain was revivified by 
transplantation onto King B agar media for 24 
hours at 30°C. The bacterial suspension was 
obtained by culture in nutrient medium (liquid 
MH) for 24 hours at 30°C. Then another culture 
was performed from the previous one. After 24 h 
incubation at 30°C, the cultures were then 
adjusted to a microbial concentration of 

approximately 1x10
8
 CFU/ml (OD 0.45 at 610 

nm) with a spectrophotometer according to the 
method described by [24]. 
 

2.4 Experimental Device 
 

The trial was installed at nine (09) producers in 
the three (03) study areas. At each producer the 
device was a randomized block of three (03) 
treatments with three (03) replicates. Each 
elementary plot was 12.8 m² in area and 
consisted of four (04) lines 4 m long with 0.80 m 
spacing. Sowing was done at a spacing of 0.80 
m x 0.40 m a density of 31,250 plants/ha. The 
treatments are defined as follows: T1 = farmer 
practice (technique used by the producer); T2 = 
P. putida + ½ recommended dose of NPK and 
Urea; T3 = recommended dose of NPK and 
Urea. 
 

2.5 Sowing and Inoculation  
 

Two (2) maize grains were placed in a seed hole, 
which was approximately 5 cm deep. The seeds 
were then inoculated with 10 ml of bacterial 
suspension depending on the treatments. The 
pots are closed again following the bacterial 
inoculation. The doses of NPK of 200 kg/ha and 
Urea of 100 kg/ha were given according to each 
treatment. 
 

2.6 Collection of Soil Samples  
 

Soil sampling consisted of randomly setting five 
(05) sampling points on the diagonals of the 



 
 
 
 

Adoko et al.; IJPSS, 32(6): 9-21, 2020; Article no.IJPSS.57646 
 
 

 
12 

 

experimental plot. These soil samples were 
taken prior to testing. Five (05) soil samples were 
taken using a Dutch auger. The soil samples 
were poured into a bucket and mixed into a 
composite. 500 grams of this mixture were 
collected, poured into a sterile plastic bag, 
labelled and sent to the Laboratory for 
determination of chemical properties. 
 

2.7 Collection of Data on Growth 
Parameters  

 

Data were collected on the two central lines of 
the useful plot (6.4 m

2
). On these two lines, the 

height and crown diameter of the maize plants 
were measured respectively with tape measure 
and callipers on twelve (12) plants, every 15 
days from the 15

th
 day after sowing until the 60

th
 

day after sowing (JAS). Leaf area was estimated 
on the 60th day after sowing by multiplying the 
length and width of the leaves by a coefficient of 
0.75 [25]. 
 

2.8 Collection Data of Yield Parameters 
 

Yield data for maize plants were collected at 
harvest on the 85

th
 JAS on twelve (12) maize 

plants. Aerial and underground biomasses of the 
12 plants were harvested by treatment and by 
repetition on the two (02) centrallines of each 
elementary plot. They were then cut into small 
pieces and stored in a specially designed 
envelope. These biomass-filled envelopes were 
placed in an oven at 65°C for 72 hours until 
constant dry weight was obtained [26]. The dry 
biomasses were weighed using a scale 
(Highland HCB 302, Max: 3001 g) with an 
accuracy of 0.1 g. For grain yield, the ears of the 
twelve (12) maize plants previously harvested 
from the two (02) centrallines of each elementary 
plot were despatched and shelled. Using the 
moisture meter (LDS-1F), the moisture content 
was measured and the grains were weighed 
using a scale. The maize grain yield values were 
obtained using the formula: 
 

� =
�×��.���

�×�.���
×	

��%

�
   [27] 

 

Where: R is the maize yield, expressed in T/ha; 
P is the mass of maize per calculated elementary 
area, expressed in kg; S: is the useful area(S = 
6.4 m2); H is the moisture content of the grain, 
expressed in %. 
 

2.9 Statistical Analyses of the Data 
 

The analyses were done with R 3.6.0 software (R 
Core Team, 2019) using the nlme, lsmeans 

packages. Linear mixed-effect models on 
longitudinal data were fitted to evaluate the 
effects of treatments and area on plant growth 
parameters. In each model, treatments and 
zones were considered as fixed factors and time 
as a random factor. Plant yield performance was 
evaluated using a two-criteria analysis of 
variance (treatment and area). The Ryan-Joiner 
and Levene tests [28] were carried out to verify 
the conditions of normality and homoscedasticity 
of the data required for anova production. The 
SNK test (post-hoc or multiple comparisons) was 
carried out in order to assess the statistical 
differences in the means of these parameters 
when the anova results are significant. The 
packages car, lsmeans and ggplot2 were used 
respectively for the anova, the calculation of the 
adjusted means and the graph editing. 
 

3. RESULTS 
 

3.1 Soil Chemistry of the Study Areas 
 

The soil chemical properties of the three (03) 
study areas prior to the installation of the tests 
(Table 1) generally showed that the soils at the 
Ouénou (pH = 5.3) and Zouzouvou (pH = 5.6) 
sites are slightly acidic. These soils all showed a 
low level of fertility characterized by high C/N 
ratios for the topsoil layers (0-20 cm deep). On 
the other hand, in the Miniffi area in Central 
Benin, the pH (7.8) was alkaline in the topsoils 
with a medium level of fertility. These soils were 
richer in exchangeable K+ (2.2) compared to 
those of Ouénou (1.5) and Zouzouvou (0.9). The 
soil in Ouénou (5.5) had a low level of organic 
carbon compared to the soils in Miniffi (8.0) and 
Zouzouvou (8.8). However, exchangeable Ca2+ 
and Mg

2+
 were higher in Ouénou (9.4 and 5.4) 

compared to soils in other areas. In general, 
assimilable phosphorus was lower in Zouzouvou 
compared to soils in the other two sites. 
 

3.2 Height of Maize Plants  
 

Fig. 2 shows the effects of treatments and zone 
on maize plant height at the different zones. It 
can be noted that at the Zouzouvou site, the 
three treatments evaluated induced similar 
effects based on the evolutionary trend of maize 
plant height. Among the treatments studied at the 
Miniffi site, the full dose of NPK and Urea (T3) 
proved to be effective followed by P. putida + ½ 
dose of NPK and Urea (T2). The improvement 
gains induced by these treatments were 
respectively 25.21% and 21.11% compared to 
the control plants (T1). Analysis of the curves 
relating to the evolution of plant height over time 
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in Ouénou shows that the best height of maize 
plants was obtained with plants treated with the 
full dose of NPK and Urea (T3), followed by 
those treated with P. putida + ½ dose of NPK 
and Urea (T2), which induced increases of 
25.05% and 23.15% respectively compared to 
the farmer's practice (T1). Statistical tests carried 
out indicated that variations in maize plant height 
observed at plant level not only depended on 
treatments (p< 0.001) but also on area (p < 
0.001). The P. putida + ½ treatment (T2) and the 
full rate of NPK and Urea (T3) had a significant 
effect over time on maize plant height (Fig. 3) 
compared to the field practice (T1). If the height 
curves for the three study areas are considered 
simultaneously, there is no significant difference 
(p> 0.05; p = 0.212) between the Ouénou and 
Miniffi areas on ferruginous soil. On the other 
hand, the zone effect was noticeable in 
Zouzouvou compared to the others (p < 0.001; p 
= 0.122). 
 
3.3 Maize Plants Stem Diameter  
 
Fig. 3 shows the effects of treatments and area 
on the crown diameter of maize plants in different 
areas. At the Zouzouvou site, the three (03) 
treatments have practically the same 
evolutionary trends on the crown diameter of 
maize plants. The results of the statistical 
analysis applied to the data indicated a non-
significant effect of the treatments on this 

parameter. Nevertheless, the highest crown 
diameter values were recorded with P. putida + 
½ dose of NPK and Urea and farming practice. 
At the Miniffi site, the curves of the evolution of 
plant crown diameter varied significantly both 
from one collection period to another and from 
one treatment to another. In fact, plants having 
received the full dose (100%) of NPK and Urea 
followed by plants treated with P. putida + ½ 
dose of NPK and Urea showed the best stem 
diameters with respective increases of 29.24% 
and 24.58% compared to farmer practice. 
However, no statistical difference (p< 0.05) 
existed between these two treatments. On the 
Ouénou site, the same trend was observed 
regarding the effect of P. putida + ½ treatments 
dose of NPK and Urea (T2) and full dose of NPK 
(T3). The latter induced the highest mean 
diameters compared to those of the control 
plants. At 60 days after sowing, the application of 
P. putida + ½ dose of NPK and Urea resulted in 
an improvement of 11.58% compared to the 
farmer practice (T1). Variations in diameter at the 
crown due to the effects of the zone are 
perceptible between the different zones. Indeed, 
a highly significant difference was observed 
between the stem diameter of plants in the 
Ouénou zone and those in the Miniffi zone (p< 
0.001, p = 0.006). On the other hand, no 
significant difference was observed between the 
stem diameters of plants in the Zouzouvou zone 
and those in Miniffi (p> 0.05; p = 0.921). 

 

Table 1. Soil chemical properties of the study areas prior to test installation 
 

Sites 
 

Villages 
 

Depths 
(cm) 

pH 
 

C-org 
(g/Kg) 

N-total 
(g/Kg) 

C/N P-Bray1 
(mg/Kg) 

B.E (cmol/kg) 
Ca2+ Mg2+ K+ 

Dassa Miniffi 0 – 20 7.8 
5.3 

8.0 0.6 13.3 47.5 33.3 2.3 2.2 
N'Dali Ouénou 0 – 20 5.5 0.6 9.3 30 9.4 5.4 1.5 
Djakotomey Zouzouvou 0 – 20 5.6 8.8 0.4 22 26.8 4.5 3.3 0.9 

C-org: organic carbon; N-total: Azote total; P-Bray1: Phosphorus available; B.E: Base Exchangeable 
 

 
 

Fig. 2. Effects of treatments and area on maize plants height 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 
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Fig. 3. Effects of treatments and area on stem diameter of maize plants 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 

 

3.4 Leaf Area of Maize Plants  
 
The effectiveness of the inoculation was proven 
at the Zouzouvou site (ferralitic soil) and at the 
Miniffi and Ouénou sites (ferruginous soil for 
both) (Fig. 4). Indeed, the best leaf area of maize 
plants was recorded with the P. putida treatment 
in the presence of ½ dose of NPK and Urea (T2), 
i.e. respective increases of 18.22%, 35.14% and 
26.31% at Zouzouvou, Miniffi and Ouénou 
compared to the farmers' practice (T1). The 
performance of the T2 treatment recorded in all 
zones slightly exceeded that induced by the full 
(100%) dose of NPK and Urea on the leaf 
surface of the plants. The results of the analysis 
of variance showed a highly significant difference 
in the effects of treatments and zone on plant 
leaf area (p< 0.001). It was noted that the 
treatment-area interaction was significant (p< 
0.001) indicating that the resulting leaf area 
variations are treatment and area-dependent. 
Comparison tests (SNK) per treatment and per 
zone indicated that the P. putida + ½ treatments 
dose of NPK and Urea (T2) and the full dose of 
NPK and Urea (T3) induced a different statistical 
effect on leaf area than the practical farmer 
treatment (T1). Also a statistical difference was 
observed by area as shown in Fig. 4. The plants 
subjected to the practical farmer treatment gave 
the lowest leaf area values in all study areas. 
The largest leaf areas were recorded in 
Zouzouvou, while the lowest were recorded in 
Ouénou zone. 
 

3.5 Aerial Biomass of Maize Plants  
 
Fig. 5 shows the aerial biomass of maize plants 
as a function of treatment and area. In the 
Zouzouvou and Miniffi zones, the best aerial 
biomass of maize plants was obtained with the P. 

putida + ½ dose of NPK and Urea (T2) treatment, 
which had respective increases of 4% and 
68.57% compared to the farmer practice (T1) 
and respective increases of 2.29% and 11.32% 
compared to the full dose of NPK and Urea (T3). 
On the other hand, at the Ouénou site, the best 
aerial biomass of maize plants was obtained with 
the full-dose treatments of NPK and Urea (T3) 
and P. putida + ½ dose of NPK and Urea (T2), 
which had increases of 64.44% and 55.55%, 
respectively, compared to farmer practice (T1). 
The results of statistical analysis revealed that 
there was a highly significant difference in the 
above-ground biomass of plants according to 
treatments and area (p< 0.001). The P. putida + 
½ treatments of NPK and Urea and the full dose 
of NPK and Urea had statistically different results 
from the practical farmer treatment (Fig. 5). 
Plants in the Zouzouvou area provided large 
above-ground biomasses while the least 
important ones were observed in the Miniffi area. 
 

3.6 Underground Biomass of Maize 
Plants 

 
The underground biomass of maize plants as a 
function of treatment and area is shown in Fig. 6. 
The results of the analysis of variance showed a 
highly significant difference in treatment and area 
effects both in isolation and by interaction on the 
underground biomass of maize plants (p < 
0.001). Indeed, the highest underground plant 
biomass productions were recorded with the 
application of the full dose of NPK and Urea (T3) 
and P. putida + ½ dose of NPK and Urea (T2) on 
ferralitic soil in Zouzouvou. The effect of PGPR 
was more remarkable on ferralitic soil. Indeed, 
both in Miniffi and Ouénou, the best underground 
biomass of maize plants was obtained with the P. 
putida + ½ treatment with NPK and Urea (T2) 
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dose with respective increases of 82.53% and 
32.6% compared to the farmer practice (T1). 
Control plants under the influence of the farmer 
practice treatment (T1) produced the lowest 
yields of underground biomass (Fig. 6). 
 

3.7 Maize Grain Yield  
 

Fig. 7 shows corn grain yield as a function of 
treatments in the different study areas. In all 
study areas, the best corn grain yields were 
obtained with plants treated with P. putida + ½ 
dose of NPK and Urea (T2) followed by those 
treated with the full dose of NPK and Urea (T3). 
However, statistical tests revealed that grain 
yield varied significantly from one zone to 
another and from one treatment to another with 
interaction of the two factors (p < 0.001). The 
advantage of inoculation significantly increased 
maize grain yield at the Zouzouvou, Miniffi and 
Ouénou sites by 19.28%, 168.64% and 48.34%, 
respectively, compared to farmer practice (T1). 

Moreover, the effectiveness of this treatment 
resulted in an improvement in grain yield of 
between 5.43% and 21.11% compared to the full 
dose of NPK and Urea (T3) in the three study 
areas. 
 
4. DISCUSSION 
 
Scientists have become aware of the need to 
reduce the use of chemical fertilizers and to 
adopt suitable production methods on soils that 
have become increasingly degraded in recent 
years. Several works have reported the 
effectiveness of rhizobacteria inoculation on crop 
growth and yield parameters under controlled 
conditions [29,20,19]. However, results recorded 
in the field remain less encouraging due to the 
influence of abiotic factors [30,31]. The aim of 
this study was to verify the capacity of the P. 
putida rhizobacterium to improve maize growth 
and yield in a farmer environment in Benin. 

 

 
 

Fig. 4. Leaf area of maize plants according to treatment 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 

 

 
 

Fig. 5. Aerial biomass of maize plants according to treatment 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 
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Fig. 6. Underground biomass of maize plants according to treatment 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 

 

 
 

Fig. 7. Grain yield according to treatment 
T1 = Farmer practice; T2 = Pseudomonas putida + ½ dose of NPK and Urea; T3 = full dose of NPK and Urea 

 
The analysis of the chemical properties of the 
soils of the different sites reveals the low level of 
fertility (Table 1). The pH of the soils of Ouénou 
(5.3) and Zouzouvou (5.6) are slightly acidic 
while that of Miniffi is alkaline (7.8). The C/N ratio 
recorded in the topsoil at Zouzouvou (22) is high 
compared to those at the other sites (9.3 and 
13.3). The phosphorus content is also low. In all 
three study areas, the potassium content of the 
soil is low in relation to calcium and magnesium. 
In general, soils in the study areas have low sum 
of exchangeable bases and low cation exchange 
capacity, reflecting their low fertility, as reported 
by [32]. The present study revealed the positive 
effect of the inoculation of P. putida + ½ dose of 
NPK and Urea on the growth and yield 
parameters of maize plants. This induced 
efficacy was variable not only by parameter but 
also by soil type. Indeed, on ferralitic soil in 
Southern Benin (Zouzouvou), the three 
treatments evaluated induced similar effects 
based on the evolutionary trend of maize plant 
height. The results of statistical analysis showed 
that there was no significant difference between 

the three treatments (p ˃ 0.5). In Center Benin 
(Miniffi), the best maize plant heights were 
recorded by treatments T3 (full dose of NPK and 
Urea) and T2 (P. putida + ½ dose of NPK and 
Urea) with respective increases of 25.21% and 
21.11% compared to farmers' practice. In 
Northern Benin (Ouénou), the best height of 
maize plants was obtained with the full dose of 
NPK and Urea (T3) followed by P. putida + ½ 
dose of NPK and Urea (T2) with respective 
increases of 25.05% and 23.15% compared to 
the Farmers' Practice (T1). These results are 
close to the 35, 24% recorded by [21] on maize 
plants treated with P. putida + ½ dose of NPK 
and Urea on ferruginous soil in Northern Benin. 
This recorded difference was related to the 
fertility gradients of the environments where the 
trials were carried out. 
 
The different treatments have the same evolution 
on the maize plan stem diameter in Southern 
Benin. On the central and northern sites, the best 
maize plant crown diameters were obtained with 
P. putida + ½ dose of NPK and Urea, which 
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exceeded farming practice by 18.08%. These 
results are close to the 25.24% obtained by [21] 
on maize plants treated with P. putida + ½ dose 
of NPK and Urea on ferruginous soil in Northern 
Benin. Similar results (26.12% increase) on 
maize plant height were reported by [33] with the 
inoculation of the rhizobacteria (Cn1) among the 
six (06) isolated from rhizospheric soils of two 
plants Convolvulus arvensis and Polygonum 
plebeium in Parkistan. These results also concur 
with those of [34] and [35], who demonstrated 
significant growths of maize plants with PGPR 
inoculation, particularly in height and diameter at 
the crown. [36,37] reported the beneficial effect 
of PGPR inoculation on plant growth. PGPRs 
have been reported to promote host plant growth 
through various mechanisms such as nitrogen 
(N2) fixation and solubilization of trace elements 
such as phosphate (P), [11,38]. With regard to 
the foliar surface area of the plants, in the study 
sites, the best values were recorded by the 
treatment P. putida + ½ dose of NPK and Urea 
with increases of 18.22% in the South; 35.14% in 
the Center and 26.31% in the North compared to 
the farmer practice. These results are in line with 
those of [20] who obtained a 27.29% increase 
with P. putida + chitosan + ½ dose of NPK and 
Urea compared to the control. The rhizobacteria 
P. putida under study is capable of solubilizing 
phosphate [39] and promoting a better 
absorption of nutrients by plants from the soil 
[18]; which would justify the results obtained with 
inoculated plants. Moreover, it has been reported 
that the larger the leaf area, the more plants 
achieve good photosynthesis, which is 
favourable to better productivity [40]. 
 

Several studies have demonstrated the 
effectiveness of joint application of PGPR and 
mineral fertilizers on soil fertility and crop 
productivity [41,42,43]. The use of PGPR as a 
bio-fertilizer in the presence of 80% of the 
recommended mineral fertilizer dose improved 
maize grain yield by 11.7% and biomass by 
17.9% compared to the full recommended 
mineral fertilizer dose [44]. 
 

In this study, the PGPR significantly improved 
the yield parameters. At the southern site, the 
best above-ground biomass was obtained with 
plants inoculated with P. putida + ½ dose of NPK 
and Urea followed by plants treated with the full 
dose of NPK and Urea. However, there was no 
significant difference between the three 
treatments (p ˃ 0.5). In the Center, the best 
above-ground biomass of maize plants was 
obtained with the treatment P. putida + ½ dose of 
NPK and Urea with an increase of 68.57% 

compared to the farmer practice. The effect of 
this treatment was also remarkable on 
ferruginous soil in the Northern, exceeding 
farmer practice by 55.55%. Recently, the work 
carried out by [21] showed that the PGPR P. 
putida + ½ dose of NPK and Urea was 
responsible for the increase of above-ground and 
below-ground biomass of maize plants by 
71.45% and 66.66% respectively compared to 
the control on ferruginous soil in the Northern 
Benin. These observations of underground 
biomass are consistent with the results of the 
present study in the Center and North. Indeed, 
the application of P. putida + ½ dose of NPK and 
Urea induced the highest values of underground 
biomass with increases in the Center and 
Northern respectively of 82.53% and 36.6% 
compared to the farmer practice. [45] also 
obtained similar results in increasing the 
subsurface biomass of maize plants after 
bacterial treatment. Similarly, [33] found with 
PGPR Cn5, a significant increase (64.95%) in 
the underground biomass of maize plants 
compared to the control plant. The authors of this 
study justified the performance of this strain by 
the fact that it produces Hydrogen Cyanide 
(HCN) known for its protective effect by inhibiting 
the growth of pathogens. This increase in 
biomass could also be explained by the ability of 
PGPRs to produce siderophors, indole acetic 
acid and to solubilize phosphate [46,47]. 
 

As for maize grain yield, it was significantly 
improved by plants inoculated with P. putida + ½ 
dose of NPK and Urea regardless of the zone, 
with better maize grain yields than those grown 
according to farmers' practice (plants not 
inoculated). In the Southern Benin, the 
performance of P. putida + ½ dose of NPK and 
Urea on grain yield resulted in an improvement 
rate of 19.28% compared to the control (farmer’s 
practice). In the past, [18] reported the efficacy 
(48.3%) of P. putida on maize yield in Niaouli at a 
research station in Southern Benin. The 
difference observed is thought to be related on 
the one hand to the variety of maize seeds used 
and on the other hand to the cultivation practices 
favoured by producers at the Zouzouvou site 
where the trials were conducted. 
 

On the other hand, at the other sites in the 
Central and Northern Benin, P. putida + ½ dose 
of NPK and Urea induced more remarkable 
effects on maize grain yield. This parameter was 
increased more than eight times in the Center an 
increase of 168.64% compared to the farmer 
practice in the area. In the North, the yield 
(48.34%) of plants treated with P. putida + ½ 
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dose of NPK and Urea was lower compared to 
that obtained in the Center. The work carried out 
by these authors, [48,39], reported that the 
PGPR rhizobacteria including P. putida used in 
this study strongly produce indole acetic acid 
(AIA), ammonia (NH3), hydrocyanic acid (HCN) 
and exopolysaccharides. The significant 
improvement in grain yield obtained would be 
related to the multifunctional properties of P. 
putida. [49] justify the improvement in crop 
productivity by the synergistic effects of 
rhizobacteria plant growth promoting traits. 
Studies by some authors also indicate that 
PGPRs confer to their hosts the ability to resist 
water stress and heat [50,51,52,53]. Similarly, 
some rhizobacteria increase the absorption of 
Zn, and thus the yield of several crops, including 
rice [54,55], wheat and soybean [56]. The results 
of our study clearly indicate that inoculation of P. 
putida with ½ dose of NPK and Urea significantly 
increased the growth and yield parameters of 
maize plants in Benin. Therefore, in Benin soils, 
this P. putida PGPR can be applied to increase 
maize productivity. 
 

5. CONCLUSION 
 
The study is being carried out as part of the 
evaluation of the performance of P. putida 
suspension in a farmer environment in Benin. 
The inoculation of maize plants with P. putida + 
½ dose of NPK and Urea significantly improves 
the growth and yield of maize plants in Benin in a 
farming environment. Vegetative growth and 
yield parameters were therefore improved by P. 
putida + ½ dose of NPK and Urea. These results 
augur the possibility of using that P. putida as 
bio-fertilizer for sustainable maize production. In 
Benin, where the strong demographic pressure 
and the increasing decline in soil fertility are 
constantly jeopardizing agricultural sectors, 
alternative environmentally friendly agriculture, 
favouring the use of biological methods to 
increase harvests, is an unavoidable solution. 
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